Ligand discrimination by TPR domains. Relevance and selectivity of EEVD-recognition in Hsp70 x Hop x Hsp90 complexes.
Protein-protein interaction modules containing so-called tetratricopeptide repeats (TPRs) mediate the assembly of Hsp70/Hsp90 multi-chaperone complexes. The TPR1 and TPR2A domains of the Hsp70/Hsp90 adapter protein p60/Hop specifically bind to short peptides corresponding to the C-terminal tails of Hsp70 and Hsp90, respectively, both of which contain the highly conserved sequence motif EEVD-COOH. Here, we quantitatively assessed the contribution of TPR-mediated peptide recognition to Hsp70.Hop.Hsp90 complex formation. The interaction of TPR2A with the C-terminal pentapeptide of Hsp90 (MEEVD) is identified as the core contact for Hop binding to Hsp90. (In peptide sequences, italics are used to highlight residues specific for Hsp70 or Hsp90.) In contrast, formation of the Hsp70.Hop complex depends not only on recognition of the C-terminal Hsp70 heptapeptide (PTIEEVD) by TPR1 but also on additional contacts between Hsp70 and Hop. The sequence motifs for TPR1 and TPR2A binding were defined by alanine scanning of the C-terminal octapeptides of Hsp70 and Hsp90 and by screening of combinatorial peptide libraries. Asp0 and Val-1 of the EEVD motif are identified as general anchor residues, but the highly conserved glutamates of the EEVD sequence, which are critical in Hsp90 binding by TPR2A, do not contribute appreciably to the interaction of Hsp70 with TPR1. Rather, TPR1 prefers hydrophobic amino acids in these positions. Moreover, the TPR domains display a pronounced tendency to interact preferentially with hydrophobic aliphatic and aromatic side chains in positions -4 and -6 of their respective peptide ligands. Ile-4 in Hsp70 and Met-4 in Hsp90 are most important in determining the specific binding of TPR1 and TPR2A, respectively.